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(57) [Rtt] 

^-^A^) {111} ^*^£±tf£ 0 
[flfift^®] IMPgffi^ffl^T (T i X»T i 
N X ) /T i N/T i N X A'J 7l«:«it^S^t:, T 
i XttT i N X ■e&5&lJ»G)ffS£*Sn oo^y^ 

»tttO«WHffi^r<Dff*(Z)±|R«:«PRr*) $T<Z>« 
BCJKU T i N(Dm2m 1 0 0^>^/X h n- 
AW±*58 0 0ty^xho-A^T (»*L<ttj|&6 

ootv^ha-AfitT) CD«HKW< U TiN x 

<Dm3IB<DW0li*&mLXT i 5 Ogf^°- 

■fevhf^y UF^^n'J^) — *& l o ogf 

^-ty h^^yfc&^ct^^-rs^fc^JzO, (T i 
XttT i N X ) /T i N/T i N X '< 'J Tjf^Sc&ir*;: 
i:tf-et5o »1 JS**T i N x -C£> T i 
-?vN 0 --tr> h te^ft < £ *)j&4 0 a?— -fev h 
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1 

im&mil a) m 1 O 0* b n-A~~j&5 o o 

b D-A(5l|^ttS, -T i XJ*T i N X ® 

b) *51 OOty^7ha~A-j&8 0 0t>^XhP 
-A0f$^tt§T i N<£>l£2Ji£, 

c) #51 b*y?7, b n-A~~j&5 0 0*>^;* b n — 

So 

[»**2] lCTEtKl ®J»*«T i Nx"C*S»*<Z)T 

1 szEttoAy Tlio 

[8S**3] T i NCD«TE» 2 «J5 0 0 

/Bo 

[«f**4] T i N x O«rE«53»CDJf S^»4 0 0 
b n-AmT'CabS8S*?l3(3E<R6!)^ , J 7 

So 

[»**5 3 T i N x O«Jl5m3»cDT i *##3^, 
I&5 OBC^A—tv I — *& 1 0 OgfA°-ty hOlEH 
C*9v JLo«rE«3W©HI»»»*«»5 OB^f-A—te 
V h -C»T«»36«ie 1 0 OB^-A—fey ht?*^Ei: 
fit -5, Bf*9[l £E4t<Z>A'J 7Bo 

[»**6 3 ffiJsBl OOfff^-feyK5TiJ5t#T 
S>SJSE*^JK7 1 5 * V^X h o-A~jj©3 0 0*>#X 
b n- ATafe&ii!#^5 CEtOA'J 7J1 0 

[W#*7] T i Nx®ttE*3*0*B±C9JA3 

[»**8] T i N x ©«TESl3/i(Z)»M±^»j«S 
n fc 7 J V * - A ^ * 9 « Jf & * f £ If * * 5 \Z IS UR 0 

Ayr »• 

[ft#:*9] WEr/i'S = a^Iot;^ a 

A#%2£A*, 4>&< £^9 O^A-ty h 
*8CE«<Z)Ay 
C»**l 1] lfrET^^-^A^*Jg^. J^eS^ 

* {2 0 0} ##^^B(J-t?o%*-ri&*«9trE«CD 

Ay T/So 

2] WEr;^^ 
ft: {2 0 0} ***^Sff-lfnS:^-rit**l 0^E« 
<Z>A»; 7lo 

v h ike*© Ay 

7f 0 

[I*fll4] »E7^5 -^A^-*»^, 19 OA 
T/»o 




(2) 0-3 1 2 9 73 

2 

15] T ;V ^ - ■> A^*»/T i/TiN/ 

^A**JB<z>|gftE|pi^eff {1 1 1} TS>0. Suffix 

a) I M P&^r^rfflV^T^ T i 30£T i N\0)M I Mte 
m S» 1 0 0*y^X h n-A-to5 OOtV^hD 
-A£»j«U 

b) S/ftttIMPgfl*r£ffll^T. TiN0»2M$ 
jfol 0 0* h a -A — jKf8 0 0:*y^X h a — A 

c) Slfttt I MPStfa^rfflV^T, TiN x ©i3I^JI 
Sl&l b n-A—jj&l 5 O^V^^ ho — A 

'[fflf*Hl 6] TiN x CDfriem3/i0SiSteIMP 
*«©«rEXST?. LT, TiN x 

CDfri5^3/f0^®0T i 1 0 01f^-t> h 

5£E*<&#Jfc. 
Ht*Bl 7] «FEl OOR^-bVhOT 

l 5*y^x ho-A-t53 o o* 

20 X hn-A-C&£|]t#3U 6 £E*<Z)2rifc 0 
[MM1 8] WEAy 7jf(0*R**, 

[ft** 1 9 ] flTEA "J T/fOit»^> m 2 0 0 TCW 

[»*92 0] T i Nx©«rEHS3J»©»J«#v *?7 
0. 5mT-Hftr3 OmTO^at^ft yAEE:fr"Cfx;ta 
ftStt*Kl 8{rfB«0^ffe 0 

[flt#*2 1] «TEEE**<»1 OmTfilTl?**** 
*2 0CE«©^T*o 

[0 0 0 1] 

[^MOlt^Sf»f] #2£fym. {111} 

[R] T $ - V A 0)n&<D7f\^ 7 )V 5 «> A^£^^-^x o 
o{;7X^^ h ttCDr^V^y<>f 7 ; &')*-A7;l'5- , )A 
■e*«"rsr tftBTfiEirfS, (T i X(iT i N 

X ) /T i N/T i N X 0>, A 'J x >y h B^ittzH 

f^o 

[0 0 0 2] 

;i/^-^ACD)gSE|nIttffi«. ^ffi-cfeo, #fii7 
[0 0 0 3] T i /T i N/T i N x ^^ y ^^<Z)*» 

tr*5i^x, M$nf:7;^ aco {iii} jgsie 

ipj0eKa*i*< &v^^ 7;^--)A»+<!!)7;K- 
5a tf»»^4Chtf, *8IEIISrtc*-^y*-*y h 





[0 0 04] 1 9 9 0^7/3 3 1 S^r^Lu^c^g 
ffi±£y V fr** jrjVTuj SrSP^ftj^'f *y fcT— AC 

S*U SK«tflS2 5 0 e C^3 5 0i:t 

[0 0 0 5] S.M.Rossnagel&UM.Hopwoodte. J. Vac. 
Sci. Techno 1. B. Vol. 12, No. 1, Jan/Feb 1994 C7) "M 
etal ion deposition from ionized magnetron sputter 
ingdischarge" (-f :* Wby^* hoy^^y^'jy^ 

7— K*/Bl\ 7^^y#^ta*#^C!)»^#^^P) 

[0 0 0 6] 1 9 9 3^1 1 6 H&frCDCho*>'MD 
*a#fF^5. 2 6 2, 3 6 U 3 V (11 

®2r»ME*sn*. ^fiDite^ y;i^-^A (i 1 

3 0 0°C-^/4 0 Ott>"J 3V)iA*IiCKSI 

[0007] 1 9 96*8^6 S ^fr^Yamada^cD*B 
WIWIS5. 543. 3 5 7^1:14, *i#f AO©8 

*VRO**tt, 7JV;--)A7n^i(7)|$©10 0 /o 
WTKlRjesn, ^< It 2 5 nmt2b5e S/'JrJV* 

J¥*tt7 ^ S - AT n K©JP3*CD 5 WCtTHR^S 

n^>o ' - ^ABKojgjffitt, SSSS2 0 0t^T 
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4 

iXliT^K-^ATO^Itf/W 7 afc — A* 

RE r 7 ;V ^ - A ^lift t S <t 9 Sfi A s 2lDi 5 n § o 

7;vs AK©^j5JcS.i/^©i»E»>ft:&ff ^t^rao 
EE***, l 0- 7 h-;n^T-eab-5 o i<tf^^»J7l 

■Wr#J*LT*>J:V\i ^ftf^>A'J7l©fM^ 
l*SIStTtADyV7 y^CJ: 9 AU 71^6 0 
/0 0-7 0 OtJCitaJI&U ^bLTl^V^?7£^>fbT 

TWtiAU 7JS£ LTJ: < & £: iii^ ttT V> £><> 
[0008] 1 9 9 6^1 1^5 ac»fx<Bchen&<0# 
S#lf^5. 57 1, 7 5 2^:(t *»EIBcd-9-:/$ 

CJ: , 5ilS»300-200 0*y^h n-A"CJgj0i 

an. :n^3^^ hlHPCDJSaffc:*?"*. z<D*f 

20 S/»J»-f K6Dtt^^:#«jSAMb^ffi*«f (CVD) 
iOMShSo fix, ^©#»**JI©±C H?2 

gd7A^ Aii, 5f s l< \tf® l o or- 4 o ox:<d 

[0 0 09] 1 9 9 5^8^ 7 BCfflKc&Xu&CJ:** 
5(9 S^fFfflK^O 8/5 1 1 , 8 2 5ft1i, ^t»;7i 

-;^M/y^07^-^ + S:**t'5Ci:tftt, 

[0010] 1996^11^2 1 BCffigB<0Ngaii*>C 
£3*H#ltffiiB?il0 8/7 5 3. 2 5 1tm ^ 7 
F / W 7^)iI±[:Iftf ^ 7i^« 

teifStrfSo - 0) c: ^ ^ o . t;i^^ A^^^tro 

Ak^-r^^SlSLTr;w5 -^a^;W 

5^ [0011] Ngan^cfc^m^+^^H^mgBCAttorne 




5 

y Docket No. 1819) tr «f L/;^ftf ^VA'JTl 
<D {2 0 0} t£&mft*Mlmt£i*:Z>Zt.\ZJ: 9, ~ CD® 

[0012] r^3fei!oD*A* 9 v y?\z&z>\ 

S«^®SS^iK;5 0 0r:<i:»9^<g<T^; 
— 7 ^ff 4 5 ^ i:. T t & 

l\, 

[0 0 13] 

[&W#jg&LJ:d£T$i$«] {g^£ft-e©T;u^ - 20 
^A***-^* Xu?> (*i^aiii0 8/5 

1 1. 8 2 5-§-Cl5«) te, {£V^g (#J;tlito3 5 0 

&£ie«Stt;fc:ftS!ttftAy 71 tt, 3ocD/fCDffl*£* 

mi© (Ti) *?><Dmim<Dmffi±\zmmLtz 

mit*9><D$g2m (T i N) T i N<Df$2M<D-t 

^7X7 (imp) atti-offWSha^' -0 
mim&&£ ioo*y?xh n — a- 2 ooty^^ 

ho-A, TiN x 0i3IBli)|S6Oty^^hn- 
At^So ISO. 2 5 (/mt7^^ h fcfc#j&5 CDTv! 

CD CD. T^-^AOJSg&ElpJl* {111} CDfffl<&j&ME 

ft (em) Sir. ^y^3-y-esj^ 40 

fiJ{Cf^@KT% TA^-^ACD {1 1 1} ^*s££± 
If SCI LV\, 
[0 0 14] 

[SI^Mt^fcfe^^Sl *^*f>«, IMPS 
#r£ffiV^T (T i XtiT i N X ) /T i N/T i N X '<U 
7i^«ftS*^C, T i XttT i N X "CfeSSglJi 50 
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CD*S&*?7 1 0 0*>?X b d-AW> -»5 0 0^' 

_bK£SJPSir&) CDf5HK#<U T i-NCD*2JB*» 
1 0 0*y?7. V n-Al^±jKf8 0 OpT hn-A 
KIT (»* b< tt»6 0 0^-y^X h n-AKTF) Offi 
BCflK U T i N x ©^3/ic?D^J5S^ffl«bTT i * 
^s£#jfo5 OJB^-aS-HzV h > (* h MJ 
y?) — *5 1 0 0m^-^-^> b**>£t£Z>£olZ? 
2>Zt.\Z£K>. (T i XttT i N x ) /T i N/T i N x 

h** LV\, 5E£. TiN x S3I 

<DJ&SL#. T i Nfl2/I©»J«(D*TNft:ffton, Ti 

teSOT 0 OgfA°- try h-C»toS«fc 

■5ft^E**"rr bV\> TiN x l31^ 

A-e&*di:j&*fiF3:L<, 1 OOIg^A— try hT i CD 

hn-AtJ>S-i:^tV\ CICDenfc (T i X\$ 
TiN x ) /TiN/TiNx^y7if:J:^ 7 )V * - 
^/Wy?-=i*^ h«7A'U«)AyW7JlS:*{ffS:« 
»r*IRfcr©7;i/$-*Aj&<i*^ {1 1 1} 

CW&nfcT'/l' 5 4 3 6nmt©Slf$^ 

15'0^-t>Ma±*jRt. cicd J: 5 
(T i XteT i N x ) /T i N/T i Nx^'J 7ltfiffi 

25(/mt7X^^htfc^6 : 1 trt«cS*®J^ttJ3*f 
[0 0 15] Ti Nx*3JSCD*SfWU ^«fi«^JKf5 

or-jj&soor (»sl<^2 0oic) -cfrton 

^>o f ^Mfttf V ^ - a * ^ h 

T i N x m3m<Dmmte, £E*»5mT-»4 0mT^ 

t i N X m3m<Dmm\t, zvm^jjfos 

mT~^ 1 OmT (JfiKlitel OmT) t^T^dS" 

5o e c-^5oot: (»* l< o or) -e««s 

;ft£o ^0)7i^ - ^? AOit^^. ^£V^BE^;ij&l mT- 
»4mT («8PSb< lil©2mT) TfftonSo 
[0 0 16] 

[^WCDllS60^Sg] ^ftWoBfl^rt^tt, T i /T i 

n/t i n x a'j TM(Dm^^^z.(om^^<Dm&n 

mzM-?Z>i><D-C&Z>o ^©Ti/TiN/TiNxA 
'J7l«6#i:J:ftS, i©±C*St^7;^r^A 

{111} «ftElRlCE)****«i*< 4«9KW*tf 




(5) 

7 

[0 0 17] (1. 5£3S) #«ftKBCA5lri:, WW 
nSdfcfc-Tfco &Sf§Jr 

-scm tw «fc *5 stt^b ,l tz a x & v l a 7 ummt^^ i o 

BK&^T*/^ £j&*«rtg£&£ ± SMS/St* 

[0 0 19] TAFMJ (Atomic Force Microscope) ft: 

[0020] rr^x^Aj fcaSKau 

[0021] rr*-** httj <t*B«, ^ 

L"Ctt* **<B»**v^*«K:#t/a 

[0 0 2 2] r*ffi»ttJ 45fitt, S«^ffi(^iz:#:^ 

[0023] rx^y^>r*yi6»j &*isatf r-r* ^ 

y^^;^7X7 (IMP) j tj:z>m\*. Tsrtvtvm 

[0024] rsj&tt>r*>*8tj xtt rsjstt-r^y 

^^;^7X7 (imp) j tjizmi*. <<*>mmxs< 
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[0 0 2 5] rS*t^J ftSBli, Si^#KlTt 
[00 2 6] rSEMJ &*Btt, jlStflSfl®: 
[0 0 2 7] rM^^A^r/^J 4 £ 

*V^-5 0 r (P^d&^fcl^XvW ? 'J >i?<Dtz*b<Dm 
tifiE© 1 otf , ^B^fffgS. 3 2 0, 7 2 8-§-KMJ 

[00 2 8] r^t-AT^^-^AJ ft&Ste, fi£3fc 
ffl<0*>^v * l> V^ftflS*flil\ TVl'S x«* AJ#J5£+»4) 

£«&ft&tt3 5 ot-HKK 5 oti:LTMU7;i/ 

Sx^Aftl^o 

[0029] TXPS (X-ray Photoelectron Spectrosc 
opy)J ^c^il^ Xj»7tm^*^7t (ESC A :Electron 
Specroscopy for Chemical Analysis^: LT & ft] E>KT 

sn£ 0 ^n^^^ov^xp s^^mm^o 

[0 0 3 0] TXRD(X-Ray Dif fraction) : X»EI#fJ 

©aiiflDiRtaK«-3p|.K:j: 0 4cfcac*r©iHi*f%«iS"r 

[0 0 3 1 ] (2. #»W*^;»-r£fc»<0g«) 
>f Fvf'J 7;^ft©xyfa7MMl^^fA^ 




9 

te#S#tm5, 18 6. 7 18tM*i^i5, 
2 3 6/ 8 6 8^f3M^$nT^3o m 1 ^£ft£ J: 

vX^gflCjitoT*;^ 9 y y^aKo±#*«rtB^ 

T&/c<£><2) 102 4 kW<3DK* U^;1/-C»^pIIB 
ft*/*** y >?9-Yv h * V- K 1 1 2 fc&SUB L 
Tl>£ 0 

[0 0 3 2] <»1«) *^©Ti/TiN/TiN 
X^VTBtJlfrttfiCtt, ISH^fyf (3 5. 5 
cm) 7*— h 7— KAMJV^ft, -<E>£ 

7- KCStLT*&4 kW-»8kW©«ffl0DCl*^ 

epjn^nSo IS8^ (20. 3 cm) ©j/yny 

^xyN^^trS® 118^, h * V — K 1 12 

^e>*55. 5^yf (14cm) ©EitEfShSo 
**»[4 < '>ft<k()l**-10** OfSKttttl 
-3**) fl)3-f;H 14i:»ltRFS*4IS10 0 
kHz-!560MHz «ff$ L< tefa2MHz) OttH 
&tf#50. 5k'W-»6kW (ffSKttftl. 5kW 
-H&4. OkW) h»TepjPT*w fc£«k 

ki i 2tmmi i 8coratr*j5R-r-5o - 

tt*&0. 12 5-<7*- (0. 3 2cm) T£>£ 0 Lsft* 

U WBfcflMBSr^itss'- h*>y 

^f^KSnttxt^o a-f/H 1 4tt?-yy hi 12 
££«U 1 8<7)rdJ<27^Xv^isS£SHLT^£o AS 
toKtt* Sffil 1 8X»Sfi58f#l 2 OJr 0-H&-3 
0 0 V©DCO*S^-f T^WflESrWJDUT (MFSL< 

»»ioow) , ^X7*5»©-f *>*afisngi*f* 

[0 0 3 3] yA'J T/f(D^/£<Z)fc&0jff2: L 

*>ik?Z>tzlsb\Z a J ;l/%ffl^T^5j&*, 7 4M ^* 

S4 ( 9 11. 8 1 4^£0;S;RtffE«aftS J:-5ftE 
CRV-X*, *i#tt*4, 9 90. 2 2 9^HS 

l:#ft»:#lliSnSo ^WW-tyf-^10- 

ft£o 7®T-^^ *7{b Lta«>f *7£SJS£1* 

Ll^BteXA** * 'J 7^<0ft*£^T7£jSRSft 

SdfctflffSHi^ **7@c-? *mj$LTZ>tz}to<Dfe<b 
9 4 4. 9 6 1 -^t3l5tt$n^> <£dft, S^fffi-e^^ 

ffcft«f36«**tt tr # A 5 ft * o 
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[0 0 3 4] (3. (T i XliT i N x ) /T i N/T 
i N X A'J 7m<DWlk) XA-X&^fb^*7 

*lB»tt*>f X*«l&0. 2 5 i«mt7^^^ hifc#5 : 

i:^*ftfe4jCDT*fe-5 0 ^WcD^A-Xft/^y TfS 
^TIBCft:* CfctrJpAT, S^37*^h#*4 (T;i^ 

Hi0ffis:iK*ftB?ih-r6iKiSc^y 7##;t&fts 0 

[0 0 3 5] *A-XfcAy TJfOfcfiftto^ 3B05X 
***«r«SAT^S. Ll^mrett, 111 

£JB) tt, *7*»{3<£6^?7 (Ti) tJ)So r 
fb^*7 (TiN) Tfe^o Z<Dm2m<D±lzmi$LTZ> 

m3mi*. <<*>mm\~£2>T i n x ©/bt*o, ^0 

W^fflJffitt, i&5 0gf°/of^y-l51 001f°/of^ 
20 7©HTS<b-r*p »*L<tt. **7jft£fcU 

h -Y ^r^y h y >y i N**5>IE#&T i ^©^DE± 

££>£o T i N x ©^ffi^^©±fr^V^TJtSf-r§^* 

£ 0 T i Nxm<DWL&*T i a>***tt. 

^r^ie-rrsw^tt. t i a 1 3 #£j«"r & - h & 

KWWTCaffltSft^ T i Nx/fCD^^ 7^-* 
***-f»*"C»B 0%-iK7l 0 0%T i c5D^lSB±{rS, 

*ra**T*3l*atr«r+»«cT 5 

tSj3 0 0^y^7l> n-A^r^Aft«T i A i 3 ^*J5S 

40 [0 0 3 6] rCDXA-Xtt^y s 

*37^^ MB«cVNU#«J»», «S:»0'. 5fii%^ 

trT;v^-^A"cfe-&^, flfe©#'i;«•^4^fflv^T^. z 
{ill} ^*^^^:C[)^l^^^rov^T^i. ^^{ri5« 
iff* Lv^**«"Ctt, r;v^ Ac^^^^^y^^y ^ y 

50 y?\>m<D-fim, M^x^fl/->/ 3 yf^fetfi : 



1 




11 

* y y^cto, ^*-at;i^-^a «53 5 0t- 

iK/4 5 0 t C) k LT^JSE^n^T^^ AtroV^T 
7;K-^ACDMliEM0. 5mT-&5 0m 

1 mT — 3 OmT. JEtCftf £ L < 1 mT-j& 4 mT 

[0 0 3 7] 02&, ^^^CDXA-X^y^; TJS«iS 
ft: 2 0 OSr^Tf 6 h l.y^}W7 2 1 3 
^"To -<Z)fPfi§ft2 0 OB:. 3 2 1 0 k-t 

i:ffiSSh-5o /H7XlihUyf2 13lt nSMbf 
•J n y/12 1 1 SJtiiUTS/ 'J 3 1 0 

Z0)m&&2 0 OttT i/T i N/T i N x ^)31*i 

«* 9. —K'fbv' V 3 yJB2 1 1 XtfS/ 'J 3 2 1 

tS^^y * 'J y^rcfc^^t;^? >/S2 l 4 k it, 
Il©f^yl2l 2©±{:iS$n^o m3<Dfcifc& 
<<*>mfexAv 9 y ^>^*I2 l 

Iftf^>i2i40±c*t$n5 (^*y/s 

2 1 2 0-f #y*/N 8 y ? y v^KfclNTte, iftfi 
7--;W:^l^;^7 2 1 3<D&mzmit^9><Dn 

■ 

ii#lfi2 i 9****sns 0 T&V^L h l^y^2 

1 3<£>TX^ h tfc«\ ^2 2 2*fTt**2 2 O^ct-p 
TWSSn, ^^^20 : lTfe^ ThS2 2 0\tffc 
0.2 5 um-Q$>-?tzo 

0 0±{rjK7 5 o OCCSSflS^^^y^Sn 
TWco MCctoTIt 5 0 0 < CtSDCD7;H-') 

fc/iy rjfUfj£ft:2 o oo)fflJfi<z)*s^3c#sn^- k 

KJ;9. 3-;i/KT;w^-^A^J5S®^fflV>^^% 

# 1 oysfttkTSr k^-C*SJ:d^«rofco Mir, 

3 5 0r-^4 5 OrcDfiffi-ecD^^-AT^^ - ^A 

a*2 0 0*ffl^S#^tt, {111} IgftEfp^ffiVN 
~^A**|#€>nskv^5E36:SfiJj^*«feSo 3E 

#«rtgk&£ 0 . 

[0 0 3 9] 2 0»J) T;i/$-^A©Jiefi^»3&: {1 
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ft, /W 7-\®7;^ A3S#£fr-5fc«>K, Ti/ 
. T i N/T i N x ^y 7120 0 OMit* WT© J: -5 \Z 

[0 040] << *>-mm*^v 9 y V^tXctST i 
1121 2CDff«^£fa3 OO^y^ho-A, SJStt 
JXWm^^v 9 y V^ASTi N£>ff2li2 1 4 
CDff*&l&2 5 0*V^* h n-A, RJfctt >f * vitlSf 

9 *) >?\Z£Z>T i N X C7)^312 1 6^$r 
{52 5 0^-y^Xho-Ai: L/io T i NxJ9 2 1 6<D 
10 fflJSKtt, 5 0B-f%Ti*>e)»$0, I2 16fl!)$I»: 
i&jfrdfcon, 0 OfiCi^T i ClBlfroTRftt 

<5o 

[0 04 1 ] 7;^--)A©^^ , jy^, fi£3ES 
0XA°>^ , r/^^fflV\ ®g*54 0 0T\ iBE^j^2m 

■ TTAM7 2 1 3 (D^M(D±\Z^7t>ritz T )V * - Ajfe 
W&^JSSft^fft {111} tol 0 0«T*o 

(xRD*-rt:ii {200} Wbhftj^ofc) o 

Si:, 7;^-^AS®0KW$(i&i 9 9%T-feo 

20 [0042] 03 (a) -3 (d) 777 h 

gtftS/ y 3 ySlOlC^jSSSnfcT i /T i N/T i 
N x ^y 7l0iIC!)il:Mlf;')^A7;H-^ 

Ai;:o^T<Z)XRD*-y%^f o 

[0 0 4 3] H3 (a) «U ±&(9&^£ffiV>TfE!g L 
fcT i /T i N/T i N x Xy 7JB©*SJtK^S Lfc 
-)t-A7J^- f )A0XRD^-73 1 OtfeD, T 

i »1 1 00^y^7ho-A, Ti Nf 

2JSCDi?«^^JK78 0 0*>?X h n-A. TiN x S3 

■ CDlW 1 5 0 t F D-ATfeSo i<Z)Ay 

©Sfi (^x/n) fig2 0 0lC, DC/RFtM (r 

CD«*tttroV^Ttift{5k»)tti^s»Wf 4) *&3. 3, 
S^'XOD/W T^fe 1 0 0 W, &m<Dl&$L^0>'?v*L7 s 

f t y^E*»3 OmT^int^fco ^*-at;v 

^ - AC7)T i /T i N/T i Nx^'J 7i0§I±^ 

©^y^y ^ y ><f\%, 'tmmoiTs^v 9 y v^^ffiv^s 

SflStf»4 0 0t, E*^»2mTtfi : fcn/:o ±J6 

3. 

[0 0 4 4] EI*f3aS*ffiSt(0*ffiTy«l^k 0 3 1 2 
tSl2 5 (AfttftCS) * TKJ txii:fc0 3 14 
■CSlfeXRD*-y3 1 0 \Z X 0SSn§ J:-513, T 
;Vi> _^A(7)eiES07;^ -^AM$^, ^McD 

{111} *£*ft@afpj3 1 6 k. TFWte {2 0 0} 
fpj3 1 9 m±tf3 1 8ti$n$) ^MS•^*tTV^ 

So tf-^Ks^*53 o o oe«cpg§v^ {i i 1} is* 

50 Ef^^S^-^Mtr, ^^-A^StbfcdCDT^^-^A 
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<D&m&&&M^\SiS*7FLT\^Z>o {2 0 0} 

tg&mfaOTfr* -^AtfSSt^: T i NIB© 
g$^80 0t>^XF n — AT?** LTl^ 

<E>o 

[0 0 4 5] H3 (b) tt. ±jft<Btt«&ffl^T»J*L 
fcTi/Ti N/T i N x a* y 7j»CD*ffi±K»j« Ltz 
»)*-A7;i'$-^A0XRD*-^3 2O-e2b»3, T 

i Ml HCDff Stt 1 00^y^ho-A,TiNS2 
l©JIStt»2 5 0*y^Xhn-A, TiNxf 31 
©fSttfel5 0*V^^hn-AT?i)ofco CICDAy 70 

£>ffi« (-)xa) fi«2 0 0t, DC/RFm*ttfe 
3. 3. *«A,cf)A-f7^|Sji0 0W, &m<DMf&^<D 

-AT^^^A^IO^A'y * y y ^ft«ftfflv^ 
T, S«S«^JK?4 0 Ot, EM2mTTTi/Ti 
N/T i Nx^'J 7iO*ffi±i:^ Ay ^ SJxfce 
[0 0 4 6] @JfM^t0*fity«i:i:O 3 2 2 
TSL2« (Amftoife) * T«J txW:^0 3 24 
T^lfcXRD^-y3 2 0l:J; , 9^$n^J:-5^ 7 20 

- ^A^ifSfiEfote, WS<Z> {111} J^jHEIrKS 
^JrK^n. 3FK«fc {2 0 0} J^HEIr] «^3 2 8 
TfStiS) tt*$nfcV\, tf-^SiStfJOl 4 0 o o- 
t>V>m^ {111} «AElpI<Z)fl**«3SC ^7*-Ai£ 
Sl/c^CT^^^AC!) {1 1 1} «#f(D8K^X 

[0047] 03 (b) l:«Sn*XRDA-y*tt 
5 7;VS:i^A<D*ffi£^tg£T£Ay TJOTKfttttt, 

[0 0 4 8] 03 (c) tt, ±&<D&ffi*m^TMl$LL 30 
tzT i /T i N/T i N X Ay 7JB<Z>^®±^^Jffi Ltz 
^^-A7;H^ f )A0XRD^-y3 3Ot3feO, T 

i *1JB <2J¥£te 1 0 0*^* h n-A, TiN»2 
i®fSf^250ty^}o-A, TiN x l3i 

<D^& (-)XA) fiK4 0 0t, DC/RFIMKJ 
3. 3. i«A0;W7X»lOOW, &m<Dm$L*<D 

T, SttS^4 0 01C, EEM2mTtTi/Ti 

N/T i Nx^y 7«<&Sffi±fc*Ay *snfc 0 
[0 0 4 9] @*fa*S;ffitO*tetyii:fc «9 3 3 2 
T^t2 0 (AHftOfg) * Taj Txtttr ^ 0 3 3 4 
T^tfcXRD^-y 3 3 0 \Z J: 9^£n6 7 
;Kr^AO^ie^07;H-'i7A^¥{i, 3fS£> 
{1 1 l}'telE^]3 36^, ?F5ft {2 0 0} JigrSE 
^3 3 9 (JS^3 3 8Tf$n5) C7)W^£*LT\^ 

s 0 fcf-^S3^«?73 2Sfi<©*«{rggv^ {i i 1} Mr 
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^AJBcfcOfcEKffil^fcftjRLTl^o 

7;H-*)A0 {200} iS4EiPij«»<z)tr-^i*a*« 

{2 0 0} &M&fa<DT)V$-^&tfftlEtZ>Z. 
3O0A'J 7»^n^ntr^UT*»®«^4 0 
0tT&£3££*#LT1^£ o 

[0 0 5 0] 03 (d) tt, ±Jfi©g*«:fflV>T»«L 
fcT i /T i N/T i N X A'J 7j»<D*ffi±£»J« bfc 
')^-A7;i'^ f )A©XRD^-y34 0t|)0, T 

i ^ 1 IB0j?Sli3 0 O^-Vi/X h n-A, TiN$2 
I©f Sttl&2 5 0*y^ha-A, TiN x i31 
Off Zltlfc 1 5 0 ^> #7. h n- AT^bo^o r©A«J 
7/f^K®4 1 ^fflV^^'/n-fe^^trB, &m<DmiR* 
(OmU (*x/>) 612 0 0^ DC/RFm*tt*t/ 
3. 3, SS-s^/W 7Xj& 1 0 0 W, T i Jf&t/T i 
Ni0W0yot7f t y/«M3 OmT, Ti 
Nxl^ + tttl 0mT^*ntV>fco ^*-A 

ta^ A^^^sio^/N 0 ^ ? y y^&fi5£ffi^T," 

*fijaStffi4 0 0t, EM2mTTTi/TiN/ 
T i N x A'j 7»6D^ffi±frxAy * Sftfco 
[0 0 5 1] 0^S^fiEI^tttyii:i:O 342 
TSL2^ * TgJ ^xiti:0344 

X^LfcXRD^-7 r 340tr c tO*$n^)J:d^, 7 
;^-^A©eiE^](7)7;K-'>A^^tt, 
-•>A©ISAElPltt, Sri© {111} JS£5 1 Efr3 4 6 

?F®& {2 0 0} fet&Eft «^3 3 

8ts$n^) tt#snfci\, tr-*fii$#*?7 2 1 o o 

0fc®#?it£3&^ {ill} ^SEfRlcDW^^Htr, ^ 

^-Ait»t/cr ©7;i/^ n ^ AC7) {i 1 1} ^^0) 

estfWv^fc&^LTi^ (0 3 (b) cMssn 

6, T i N X JS£3 0mTT?m&Ltz*&9l<D{te<Difr& 
bV^Af♦:«»roV^T»&l^fcJ:^ft:*«K:!•v^e*) o 
03 (d) trfcSnaXRDa — y**-T6 7>U5 
A^S&i^tgirT&Ay 7l«ififttt, 

[0 0 5 2] H4tt, ±J6<3D7;W$ A/T i /T i 
N/T i N x «ia#©4/i©3oXV8iJ(3D«fift:l o<© 

--trV FRIt? (S i *^mt Ltz) &t0410tg 

i" 0 xti^^n^n^ (a-) ^^7;^- 

^A/T i /T i N/T i N x «i£#** LT V^ Q 
[0 0 5 3] A- 4 12lt 0 3 (b) T^^n^XR 
D ii-^m^ki ftZ>TJl>$ A/T i /T i N/T 
i N x #fi£fttf)7;i^ -^AJioSIt**^ o A- 4 
1 4 {4. Ti/Ti N/T i N x M*©±{:*tlfc 

* A/T i /T i N/T i N x »ift#^:#a)®Jat3flaVN 
«*jSfettH3 (b) 0«igf*:^#:a)iSig{rfflV>fc^Sfe^ 
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fSn^7;^-^A/T i /T i N/T i N x «fi£#: 

(c) ©XRD^-^fllSSnSTyH-^A/Ti 
/T i N/T i N x *ifi*CDr;i/$ A/BcDS*f^4 

[0054] H4tt, Tfr$-t?*><b {1 1 1} JSAS 
[0 0 5 5]»3lTi N x ©l^<Z>*3E«:2e*a;ii: 10 

MbTT^5-'>Aji0aiiiifaa*/hs<r*^i:) » 

**bTa7<tT i Off**:*** 1 *- ££C AO. JZ«t*** 

j&2 1 0 2 2 0%£_t#9, ^BfiS (AFM 

[0 0 5 6] 05 (a) RtfH5 (b) ti, T i N X CE> 20 
W0»fti:6»ST i CD**«r|E*;fcT i/TiN/ 
T i N X A'J 7jf©*ll±K:»J«Ufc'>*-A7^5 = 
^Ai:o^T^)XRD^-^^to Ay7JMKS#:<Z> 

C7)®^tr^5V>T^ 1 ©T i £3 OOtV^Xh 

a — A, S20TiNlOJf$^25Oty^^Fn- 

A^Lfco 4TO^U S«©gJ&2 0 0 

TC, /otWt >A£E* 1 OmT'Cff-p/co 
[0057] 05 (a) tt* Ti /T i N/T i N X A 

t©XRD*-^5 1 Ofc^T tCD"C&0. ZC7)^tT 
i Nx©*»B#ra*:*& 1 5»MfcLT i NxJIOff £ 
180t>^ho-Ati,ofco (Hl^f^a^ytttw^: 
05 12t^U 2^xiCi:0 5 14TSto 
:/5 1 0&, S*^ft2 8 0 0 0 £3&V> {111} T)V 
$:^A|&i&E|Sltr-*5 16^U {2 0 0} J^ft 

fi2 10%t*0, AFM*MfiSttf&7 
8*y h n — ATfe^c 

[0 0 5 8] 0 5 (b) fcfc. T i /T i N/T i N x A 40 

T^XRD^--/5 2O^tt0T$)«9, I^tJT 
i Nx©*»B#W*l&3 o»Kli: IT i NxWCDffS*H& 

0 5 2 2X^1, 2^xii:i:0524T^to * — 
75 2 Ote. 3fi«*«*S7 3 9 0 0 0 *:3fi^ {111} 7;V 
^ - V AjfeftElplbf-^ 5 2 6 SrjRU {2 0 0} *£H 
Efr©#&ttfcffiSn&a*ofc 0 ^Ti^-^Affl 
(DRmm*. 1fc2 2 0%T&K). AFMigffiffi$te#54 
7*y h n-AT&£ 0 50 
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[0 0 5 9] (4. Ay TM~BLXfT)V* -*y ACDMJ&<D 

urn zzizwtw?z&*L^M;ftm<Dmm*ft5tztb 

^ * ft SffiEE'T'n VA<£> 1 o <£> 4» K £> £ 0 

[0 0 6 0] (I3» HTOKWtt, 7X^Ht# 

®J:£T i /T i N/T i N X AD Tm*J»JSft*?-K 

[0 0 6 1] H^KiRSftSJ^K:, rt4T<Ol»!SL\U 
—Wtiki/ y n VJ9 2 1 1 SrfllT^'J n y^-^HI 

fco #fi£#:2 OOttTi/Ti N/T i Nx<£3/i£*ff 

2 1 1 Rtfi/ »; r? y^-72 1 0 ©W^a^H-tfcJgjffi 
Snfco ^2B^S)^i4^^>*«xyN 0 ^^ y y>/ (g 
J&tt IMP) H ct**ft^^ >12 1 4 £ IT, <D 
*?>m2 1 2©±£i£5W$ftfco £3<Z>KJ&i*>f *y 
*W^Ay * y y>/K J:££fb*-* y^tl2 1 6tt. 
Mb*? >I2 1 4CD±ir*fM»Sftfc (f^>12 12 

*y*Ay * y y^tr^Ttt. a?8\ SS7-- 
jwr^TA-r 7 2 1 3(Z>j£ffif;:fiHfc*-* vaSM^Jff 2 

2 4*»rtsna. ) o «iS^2 o octtw 

12 1 9^8Snfcp 

[0062] i§8r/f (20. 3cm) vmrnom 

ffi±^T i *-r*y*«f*A** y >^T5R«»»7 

v h ii 7- K 1 1 2trDCS*4 kW&WSntoo. 2 
MHz (2. 5 kW£(5ff^LW ORFiA^n^v 
1 1 4£SUnU ifc»fi$«f/7-7y 1 20Cftl 
0 07 y h<BD'CA-f 7*&WJPLfco T i 4)i£»Xg 

fi»3 0mTtffbnfco :i£>EE;fm. 7^:* vflfcteflE 
3^6 5 s c cmCfiStS^tfe^o g«*W<Z>© 

gt*j&2 o omot 

[0 0 6 3] T i m 1 Jf <?)^M±^T i N*RI&&<<* 

y*SfxAy ? y v?^rz>m%9tm2 5 o^-y^^ h n 

2CDC«*5 kWftfllJPboo, 2MHz (2. 5k 

^/iSKSSF^^-xy 1 2 0^*51 007^ h<9DC 
A>f 7^ SrBianUfco Ti©t»ISIit53 0mT^ 
fcn/co r©£E*tt, 77 p 7^K7r 1 J7;l/Xtt0xy 

x a. ^ ^t^S^LS i/ 7s *r a & x 7 ;w =f y «jf&ffi4j^ 

10 'sc c mMf f ftMiO 7 0 s c cmtrffl^T 
[0 0 6 4] T i N?g2/g<7)^®_h-sT j Nx^rSiStt 

^>t^^^ ^ y y^1-^85*»lK76 o o^y^^ 

Fn-AOSSfttlSftfc, /n-bX^ft^TiNS2 
W"C*«)fc*frTHSeLfc3fl«, T i NxW <Z>*Ay ^ y 
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ittztztb^ ^#x<Dm&*±&tz&<D&zmz>ntz 

WRZtltzmftZkftVTXte, 9-YvY<bmtLtz$i> 

isbtz^ T i NxmcDmmiZffo 1 5^mnioHtz 0 
CO 0 6 5] m^X, fe*W<DX;iy 9 
MW SSfiItf»4 0 0lC, £Eyt;#j&2mTT\ 

^/^y^L/co ±j*0^*5^.fpKL/rT i/T i N/T 
iNx^'JT/^x^ hl^ffll^T, ny^WW 

[0 0 6 6] (5. AVTlBttigfr^^^S^n^ncD 
JS<Z»fij5!0 06 (a) — (c) ti. 3o^A'J7i©g 

TiN x i3i, i ^US/'Jj^K 

fb$&S<£±<Z)T i ^ 1 mxfsfrtltzo 
[0067106 (a) 0)^776 1 0^ XPS»tf 

CD, i^'J7l(?)ifiS«:ffilSltV^ 0 

12tf*U *fcttJS^— fey h-C*4 0 ^Wyn-tr 
*<Z>B$H*xtt£fc9 6 1 4T*U ¥&(i#tfe^>o 
*-^6 1 6tt«»tfr»*fiDl©T * 

[0068] ^5:7 6 1 Ott. Ti (O/Hifi 1 0 0 * y 
^XFa-A, TiN©ff$^2 5 0^y^hn- 
A. T i NxO&Z&f&l 0 O*^* h D-ACOA'J 

[00 69] 06 (b) ©^77630^ 06 (a) 

x®«fHS:x(lci:0 6 3 4-esu i£ffittfj>-e&£ 0 

#-^6 3 6\*nftffim<DT i -g-***^U ^-^6 
6 4 0tt»W©te*4Cfc»**, *-y642(i»*T 
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[0 0 70] ^776 30^, Ti©JfStf2 0 0t> 
A. T i Nx<£>ff £ #*#?7 1 0 Q^y V a — A<£> A M j 
£*#Xflf[A&#lhLfc»T i N x JB0*£»ft88>WfT 

[0071] 06 (c) O^77650li, 06 (a) 

i^^TMWLtzftffi&m*m^xnzntzm3<D^v 

10 5 2"CzSU *ffiligfA 0 -t>F-eS)So »*f^n-fe 

^0ffl^xichD6 5 4"esu mm*is>T$>z>o 

6 6 0tt»tffCD<e*4Cfc»*ft. *-:/6 6 2tett#r 

[0 0 7 2] ^^-76 5 0(i. Ti©|5^2 0 0^> 
^Fd-a, TiN0)IS^25Ot>^Ko- 
A. T i N x 0Jf Stfft2 5 0 h o-A^A'J 

iff a*#^«tA*#ihLfc«T i N X »©«»S:2 0»IW 

[0 0 7 3] Cine>0«iSfrtt. 1 OCDT i Tsrtv 9 'j 

h £rffl\^T*— 0^n-fe^^^ J: 0 

So : n E> a y 7i©^»tf«<B-ei) s r J: :ne> 
30 11} r;v^-^AfeSEipi^i^v^7;v^-^A^e 

t ? is y ?\Zte\^X^mteKm^<D^T )V * A^ 
[0 0 7 4] ±!5L/c#£ LV^ftW*. #|£^<£>»H 

[0®£>ffil|ifr!^] 
40 [01] ^fty^y^^^XT (IMP) \Z&*)mt 

[02] *^WTM7KCDyj*S:t;^E^ffiV>T. 7^ 

* htfc®*iM&'2 l 3 0 + f:M$n/c#l^y^^ h 

2 1 8fl!)**flS«:»H"C*)4. 

[03] 03 (a) tt, Xu&t3j:*#S4«faiKfgO 8 
/5 1 1, 8 2 5 -S-KEIlSnfttJacT i /T i N/ 
T i Nx^'J TJB©JiCiffeWSnfeT;v$ A^ODX 
tiUlltf (XRD) *-7*^t^77TS)0, Z(DTJV 

50 ^-7Ai0 {111} fiise^itwitn^j;^ 
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3 (b) tt, ^r{riS«tfc01 6D»^ tV^A#:^J*ffl 
V^TJgjSSttfcT i /T i N/T i N X AU Tjf©±tC 

-^AlK^igfv^ {ill} 

1 9 5%h<DRttm*^LT\^Z>Z ZtfvkZnZo 03 
(c) ti. ^^;T^O*»4 J 0S«®S%^^Oii5< L 
fc;i£:i^M3:0 3 (b) tr^SJa^/^'; TM<D&$L\z 

m^tzt^zft^ L\^&m<Dj]m*m^xT i/t \ 

N/T i N X AU T/f05±^*»SnfcT^^ -^AIK 
K£> {l l 1} J^SSBlRl**^^a^n^ c J:D4j<S<. 

£o 03 (d) tt, Z. Z\zmm.Ltzm2 0)ttf^ Ll^ft 
#J£/f^T^/££n*:T i /T i N/T i Nx^'J Tjf 

^:7-e$>9, r 07;h -v/*m\*M^ {l l 1} * 

[0 4] ii^BB«Lfc»l*#«at/aS2*#«©« 
Jfi**L*©Sr»t?»J«SnfcT i /T i N/T i N x 

ftfcT i /T i N/T i N X ^U TJ»©±^ifl*Snfc 

t ;i/ ^ - a k © r m m £ it r -r S ^ ^ -7 -e & 3 o 
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[05] 05 (a) tt, £^KiE*Lfc»3<&#3: 

Mcfcm*m^Tmf£2ntzT i /t i n/t i n x au 

7i©±C*(fSn&7^$ -•>AR(5XRDA- , /ft 
St^77TfeD, :®7;^-')A||tt > AFMiffi 
MfiS (r ms) J&7 8*y^* h n-A£^LT^ 
£o 05 (b) tt, ^wCiH«b/c04CD»* t^A* 
ffilS:fflV>TJ^jasnfcT i /T i N/T i N X AU 7/f 
0±C«»S n/i 7 ;H - ^ AlCDX R D * - "/SSt 
^7 7t?2b«5, ^07^^ -^AKli, AFMfBM 
70 (rms) S547t>^XhD-A^LTl^ 0 

[06] 06 (a) fcfc, NfrMS* 1 , T i # 1 0 0*y 
^Fn-A, TiNtf25 0^y^Xhn-A, Ti 

Nx* 5 1 OOtV^F n-A(9T i /T i N/T i N x 
A'j 7f©gfffifijc7 p D 7 7 ^7 7 So 

06 (b) te. (BfBJPS^ Ti#2 0 0*>^hn 
-A, T i N#5 0 O^y^/X h n — A, T i N X £U 
00^>^Xh n-A(Z)T i /T i N/T i N X AD T 
BOlflJSEyo v 7>f;V4ft^77t$)5 0 06 
(c) tt. Ti*200*y^ha- 
20 A, TiNtf250t>^hn-A, TiN x #2 5 
OtV^hn-ACTi /T i N/T i N X >^'J 7i 

2 0 0»->1";7)MKM:, 2 1 0-S/'J n:/"*-*, 2 
1 1 »<kft*JB. 213-4 UV^-Xfcfc/W To 
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1. Title of Invention 



A Ti/TiN/TiNx Onderlayer Which Enables 
A Highly {111} Oriented Aluminum Interconnect 
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2. Claims 

r 

We claim: 

1. A barrier layer having a particular structure comprising: 

a) a first layer of Ti or TiN x having a thickness ranging from greater than 
about 100 A to about 500 A; 

b) a second layer of TiN having a thickness ranging from greater than about 
100 A to less than about 800 A; and 

c) a third layer of TiN x having a thickness ranging from about IS A to about 

500 A. 

2. The barrier layer of Claim 1 , where the Ti content of said first layer of TiN K is at 
least 40 atomic percent 

3. The barrier layer of Claim 1, wherein the thickness of said second layer of TiN is 
less than about 500 A. 

4. The barrier layer of Claim 3, wherein the thickness of said third layer of TiN,, is 
less than about 400 A. 

5. The barrier layer of Claim 1 wherein the Ti content of said third layer of TiN, 
ranges from about 50 atomic percent to about 100 atomic percent and follows a 
gradient where the first portion of said third layer is at said 50 atomic percent and the 
last portion of said third layer approaches said 100 atomic percent Ti. 

6. The barrier layer of Claim 5, wherein the thickness of said 100 atomic percent Ti 
component ranges from about 1 5 A to about 300 A. 
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7. A structure comprising the barrier layer of Claim 1 and having an aluminum- 
comprising conductive layer applied over a surface of said third layer of TiN x . 

■ > 

8. A structure comprising the barrier layer of Claim 5 and having an aluminum- 
comprising conductive layer applied over a surface of said third layer of TiN K . 

* ■ ■ 

9. The structure of Claim 7, wherein said aluminum-comprising layer contains at leas! 
90 atomic percent aluminum. 

10. The structure of Claim 8, wherein said aluminum-comprising layer contains at 
least 90 atomic percent aluminum. 

1 1? The structure of Claim 9, wherein said aluminum-comprising layer exhibits 
essentially no {200} crystallographic content. 

12. The structure of Claim 10, wherein said aluminum-comprising layer exhibits 
essentially no {200} crystallographic content 

* 

13. The structure of Claim 11 wherein said aluminum-comprising layer exhibits a 
reflectivity in excess of 150 percent. 

14. The structure of Claim 12, wherein said aluminum-comprising layer exhibits a 
reflectivity in excess of 190 percent 

15. a method of producing an aluminum-comprising layer/Ti/TiN/TiN, structure, 
wherein a crystal orientation of said aluminum-comprising layer is essentially {111}, 
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said method comprising: 

a) using IMP techniques to apply a fust layer of Ti or TiN x having a thickness 
ranging from about 100A to about 500 A; 

b) using reactive IMP techniques to apply a second layer of TiN having a 
thickness ranging from about 100 A to less than about 800A; and 

c) using reactive IMP techniques to apply a third layer of TiN x having a 
thickness ranging from about 15 A to about 500 A. 

16. The method of Claim 15, wherein the nitrogen content during said reactive IMP 
deposition of said third layer of TiN, is controlled to produce a 1 00 atomic percent fi 
component at the surface of said TiN K layer surface. 

17. The method of Claim 16, where the thickness of said 100 atomic percent Ti 
component ranges from about 1 5 A to less than about 300 A. 

18. The method of Claim 15, wherein said barrier layers are deposited at a substrate 
temperature of less than about 400°C. 

■ 

19. The method of Claim 18, wherein said barrier layers are deposited at a substrate 
temperature of about 200 °C or lower. 

20. The method of Claim 18, wherein said third layer of TiN k is applied at process 
chamber pressures ranging from about 0.5 mT to about 30 mT. 

21. The method of Claim 20, wherein said pressure is about 10 mT or less. 
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3. Detailed Description of Invention 



BACKGROUND OF THE INVENTION 



1. Field of tfre Invention 

The present invention pertains to a particular (Ti or TiN J/TiN/TiN x 
barrier/wetting layer structure which enables the warm aluminum filling of high aspect 
ratio vias while providing an aluminum fill exhibiting a high degree of {1 1 1 } crystal 
orientation aluminum. 

2. Brief Description of the Backgro und Art 

Titanium nitride layers have been used in semiconductor device structures as 
barrier layers for preventing the interdiffusion of adjacent layers of materials such as 
aluminum and silicon, for example. However, the crystal orientation of aluminum 
deposited over the surface of the titanium nitride barrier layer is typically 



poiycrystalline, and polycrystalline aluminum has poor electromigration resistance. 

Iri the formation of integrated circuit interconnect structures, such as a 
Ti/TiN/TiN, stack, electromigration of aluminum atoms within the aluminum layer 



crystal orientation. Electromigration of the aluminum atoms can result in open 
circuits within the integrated circuit structure, and therefore, such electromigration 
must be inhibited or eliminated. Electromigration of aluminum atoms can occur 
within filled vias as well, impairing the conductivity of the contacts. 

U.S. Patent No. 4,944,961 to Lu et aL, issued July 31, 1990, describes a 
process for partially ionized beam deposition of metals or metal alloys on substrates, 
such as semiconductor wafers. Metal vaporized from a crucible is partially ionized at 



becomes a problem if the aluminum layer is not formed with a high degree of { 1 1 1 } 
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the crucible exit, and the ionized vapor is drawn to the substrate by an imposed bias. 
Control of substrate temperature is said to allow non-conformal coverage of stepped 
surfaces such as trenches or vies. When higher temperatures are used, stepped 
surfaces are planarized. The examples given are for aluminum deposition, where the 
non-conformal deposition is carried out with substrate temperatures ranging between 
about 150 °C and about 200 °C, and the planarized deposition is carried out with 
substrate temperatures ranging between about 250 °C and about 350 °C. 

S.M. Rossnagel and J. Hopwood describe a technique of combining 
conventional magnetron sputtering with a high density, inductively coupled RF plasma 
in the region between the sputtering cathode and the substrate in their 1993 article 
titled "Metal ion deposition from ionized magnetron sputtering discharge", published 
in the J. Vac. Sci. Technol. B. Vol. 12, No. U Jan/Feb 1994. One of the examples 
given is for titanium nitride film deposition using reactive sputtering, where a titanium 
cathode is used in combination with a plasma formed from a combination of argon 
and nitrogen gases. 

U.S. Patent No. 5,262,361 to Cho et al, issued November 16, 1993 describes a 
method for forming single crystal aluminum films on the surface of a substrate such 
as silicon (111). The object is to increase the amount of the aluminum (111) crystal 
orientation, to improve the electromigration resistance of the aluminum. Electrically 
neutral aluminum is deposited by a vacuum evaporation technique upon a silicon 
wafer surface at a temperature ranging between about 300 °C and about 400 °C. 

i 

U.S. Patent No. 5,543,357 to Yamada et al., issued August 6, 1996, describes a 
process for manufacturing a semiconductor device wherein a titanium film is used as 
an under film for an aluminum alloy film to prevent the device characteristics of the 
aluminum alloy film from deteriorating. The thickness of the titanium film is set to 
10 % or less of the thickness of the aluminum alloy film and at most 25 run. In the 
case of the aluminum alloy film containing no silicon, the titanium film is set to 5% 
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of less of Ihe thickness of Ihe aluminum alloy film. The aluminum film is formed at 
a substrate temperature of 200 °C or less by a sputtering process, and when the 
aluminum film or an aluminum alloy film is to fill a via hole, the substrate is heated 
to fluidize the aluminum. The pressure during the aluminum film formation and 
during the fhiidization is lower than 10* 7 Ton\ A titanium nitride barrier layer may be 
applied on an interlayered insulating film (or over a titanium layer which has been 
applied to the insulating film), followed by formation of a titanium film over the 
titanium nitride film, and finally by formation of the aluminum film over the titanium 
film, Afler formation of the titanium nitride barrier layer, the barrier layer is heated^ 
to a temperature of about 600 °C to 700 a C in a nitrogen atmosphere using a halogen 
lamp so that any titanium which is not nitrided will become nitrated. The titanium 
nitride barrier layer is said to be a poor barrier layer if un-nitrided titanium is present 
within the layer. 

U.S. Patent No. 5,571,752 to Chen et ah, issued November 5, 1996, discloses a 
method for patterning a submicron semiconductor layer of an integrated circuit. In 
one embodiment, titanium or titanium nitride having a thickness of between 
approximately 300 and 2000 A is formed by sputter deposition to reach the bottom of 
n contact opening. The barrier layer may be annealed to form a silicide in the bottom 
of the opening. A conformal conductive layer of a refractory metal or refractory 
metal silicide is formed over Ihe titanium or titanium nitride using chemical vapor 
deposition (CVD). Finally, a second conductive layer, typically aluminum is applied 
over the surface of the conformal conductive layer. The aluminum is sputtered on, 
preferably at a temperature ranging between approximately 100 °C and 400 °C This 
method is said to make possible the filling of contact openings having smaller device 
geometry design requirements by avoiding the formation of fairly large grain sizes in 

the aluminum film. 

U.S. Patent Application, Serial No. 08/511.825 of Xu et ah, filed August 7, 
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1995, assigned to the Assignee of the present invention, and hereby incorporated by 
reference in its entirety, describes a method of forming a titanium nitride-comprising 
barrier layer which acts as a carrier layer. The carrier layer enables the filling of 
apertures such as vias, holes or trenches of high aspect ratio and the planarization of a 
conductive film deposited over the carrier layer at reduced temperatures compared to 
prior art methods. 

U.S. Patent Application, Serial No. 08/753,251 of Ngan et at., filed November 
21, 1996, describes a method for producing a titanium nitride-comprising barrier layer 
on the surface of a contact via. For certain contact geometries, when the reactor 
pressure is reduced during formation of the titanium nitride-comprising barrier layer," 
the thickness of the barrier layer on the sidewalls of the via increases. This enables 
an aluminum fill to travel along the sidewalls of the via more easily, resulting in a 
better fill of the via. In particular, the titanium nitride comprising barrier layer needs 
to be of a minimum thickness and to have a minimum titanium content so that the 
barrier layer can react slightly with the Aluminum, to draw the aluminum along the 
sidewalls of the via, 

U.S. Patent Application, Serial No. (Attorney Docket No. 1819) 

of Ngan et al., filed March , 1997, discloses various process techniques which can 

be used to control the crystal orientation of a titanium nitride barrier layer as it is 
deposited. Further, by increasing the {200} crystal orientation of the titanium nitride 
barrier layer, the resistivity of this layer is decreased. 

A "traditionally sputtered" titanium nitride-comprising film or layer is 
deposited on a substrate by contacting a titanium target with a plasma created from an 
inert gas such as argon in combination with nitrogen gas. A portion of the titanium 
sputtered from the target reacts with nitrogen gas which has been activated by the 
plasma to produce titanium nitride, and the gas phase mixture contacts the substrate to 
form a layer on the substrate. Although such a traditionally sputtered titanium nitride- 



4 
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comprising layer can act as a wetting layer for hot aluminum fill of contact vias, good 
fill of the via generally is not achieved at substrate surface temperature of less than 
about 500 °C. 

To provide for aluminum fill at a lower temperature, Xu et al. (as described in 
U.S. Patent Application, Serial No. 08V5 11.825), developed a technique for creating a 
titanium nitride-comprising barrier layer which can act as a smooth carrier layer, 
enabling aluminum to flow over the barrier layer surface at lower temperatures (at 
temperatures as low as about 350 °C, for example). A typical barrier layer described 
by Xu et al., is a combination of three layers including a first layer of titanium (Ti) 
deposited over the surface of the via; a second layer of titanium nitride (TiN) is 
deposited over the surface of the first titanium layer; finally a layer of TiN x is 
deposited over the TiN second layer. The three layers are deposited using Ion Metal 
Plasma (IMP) techniques which are described subsequently herein. Typically the first 
layer of titanium is approximately 100 A to 200 A thick; the second layer of TiN is 

about 800 A thick, and the third layer of TiN„ is about 60 A thick. Although a good 

fill of contact vias having 0.25 ja diameter through holes having an aspect ratio of 

« 

about 5 was achieved, the crystal orientation of the aluminum was low in {111} 
content, resulting jn poor clcctromigration (EM) performance for the aluminum 
interconnect. Further, the reflectivity of the aluminum, measured by nanoscope, with 

* 

Si as a reference, was less than about 50 %, so that subsequent lithography indexing 
was more difficult. It is then desirable to increase the aluminum {111} content for 
purposes of improving the EM performance and benefiting subsequent lithography 
process steps. 

* 

SUMMARY OF THE INVENTION 
It has been discovered that an improved (Ti or TiNJ/TiN/TiN, barrier layer 
deposited using [MP techniques can be obtained by increasing the thickness of the 
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first layer of Ti or TiN„ to range from greater than about 100 A to about 500 A (the 
feature geometry controls the upper thickness limit); by decreasing the thickness of the 
TiN second layer to range from greater than about 1 00 A to less than about 800 A 
(preferably less than about 600 A); and, by controlling the application of the TIN, 
third layer to provide a Ti content ranging from about 50 atomic percent titanium 
(stoichiometric) to about 100 atomic percent titanium. When the first layer is TiN,, 
the atomic percent of Ti is at least 40 atomic percent. Preferably, the first layer is 
100 atomic percent Ti. In addition, it is preferred that the TiN x third layer is formed 
at the end of the deposition of the TiN second layer and exhibits a Ti content gradient 
which begins at a stoichiometric Ti content and ends at a Ti content of about 100 
atomic percent. The thickness of the TiN„ third layer preferably ranges from about 15 
A to about 500 A, with the thickness of the 100 atomic percent Ti component ranging 
from about 15 A to about 300 A. The improved (Ti or TiNJ/TiN/TiN* barrier layer 
enables the deposit of an aluminum interconnect or an aluminum via fill where the 
aluminum exhibits a high {111} crystal orientation. Further, the aluminum layer 
obtained exhibits a reflectivity of 150 percent or greater at 436 nm. A (Ti or 
TiNJ/TiN/TiN,, barrier layer having this structure, U9ed to line a feature, enables 
complete filling of feature with sputtered aluminum, where the size of the feature is 
about 0.25 micron. and the aspect ratio is as high as about 6:1. 

The TiNj third layer is deposited at a substrate temperature of ranging from 
about 50 °C to about 500 °C, preferably at about 200 °C When the device structure 
is an interconnect, the TiN„ third layer can be deposited at pressures ranging from 
about 5 mT to about 40 mT, preferably at about 25 mT. When the device feature is a 

■ • ■ ■ 

via, the TiN, third layer should be deposited at reduced pressures ranging from about 
5 mT to about 10 mT, preferably at about 10 mT. The aluminum fill is then 
deposited at a substrate temperature ranging from about 350 °C to about 500 °C, 
preferably at about 400 a C. The aluminum is deposited at reduced pressures ranging 
from about 1 mT to about 4 mT, preferably at about 2 mT. 



I 
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DETAILED DESCRIPTION OF TIIE PREFERRED EMBODIMENTS 

The present disclosure pertains to a Ti/TiN/TiN, barrier layer structure and a 
method of creating that structure. The TiyTiNVTiN^ barrier layer structure enables the 
deposition of an overlying aluminum layer having a high {111} crystallographic 

# 

content and a reflectivity of about 1 50 % or greater. Further, using the barrier layer 
structure enables the "warm aluminum" filling of vias having an aperture of 0.25 
micron or less and having an aspect ratio of about 5:1 and greater. 

I. DEFINITIONS 

As a preface to the detailed description, it should be noted that, as used in this 
specification and the appended claims, the singular forms H a'\ "an", and "the" include 
plural referents, unless the context clearly dictates otherwise. Thus, for example, the 
term "a semiconductor" includes a variety of different materials which are known to 
have the behavioral charabtenstics of a semiconductor, reference to a "plasma" 
includes a gas or gas reactants activated by an RF glow discharge, reference to "the 
contact material" includes aluminum, aluminum alloys, and other conductive materials 
which have a melting point enabling them to be sputtered over the temperature range 
described herein. 

Specific terminology of particular importance to the description of the present 
invention is defined below. 

The term "AFM" (Atomic Force Microscope) refers to a technique commonly 
used to measure film surface roughness, wherein a microprobe in contact with the film 
surface is drawn across the film and the mechanical movement of the microprobe is 
translated into a digital signal which is plotted out A series of plots is compiled and 
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a surface roughness is calculated from the compilation. 



The term "aluminum" includes alloys of aluminum of the kind typically used 
in the semiconductor industry. Such alloys include aluminum-copper alloys, and 
aluminum-coppcr-silicon alloys, for example. The preferred embodiments described 



herein were for aluminum comprising about 0.5 % copper. 

The term "aspect ratio" refers to the ratio of the height dimension to the width 
dimension of particular openings into which an electrical contact is to be placed. For 
example, a via opening which typically extends in a tubular form through multiple 
layers has a height and a diameter, and the aspect ratio would be the height of the 
tubular divided by the diameter. The aspect ratio of a trench would be the height of 
the trench divided by the minimal travel width of the trench at its base. 

The term "feature" refers to contacts, vias, trenches, and other structures which 

- 

make up the topography of the substrate surface. 

■ 

The term "ion-deposition sputtered" and the term ' ion metal plasma (IMP) 
refer to sputter deposition, preferably magnetron sputter deposition (where a magnet 
array is placed behind the target). A high density, inductively coupled RF plasma is 
positioned between the sputtering cathode and the substrate support electrode, whereby 
at least a portion of the sputtered emission is in the form of ions at the time it reaches 
the substrate surface. 

The term "reactive ion deposition" or "reactive ion metal plasma ([MP) U refers 

to ion-deposition sputtering wherein a reactive gas is supplied during the sputtering to 

■ 

react with the ionized material being sputtered, producing an ion-deposition sputtered 
compound containing the reactive gas element. 



The term "reflectivity" refers to reflectivity measured by nanoscope, with Si as 
a reference. 

The term "SEM" refers to a scanning electron microscope. 

The term "traditional sputtering" refers to a method of forming a film layer on 
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a substrate wherein a target is sputtered and the material sputtered from the target 
posses between the target and the substrate lo form n film layer on the substrate, and 
no means is provided lo ionize a substantial portion of the target material sputtered 
from the target hefore it reaches the substrate. One apparatus configured to provide 
traditional sputtering is disclosed in U.S. Patent No. 5,320,728, the disclosure of 

■ * 

which is incorporated herein by reference. In such a traditional sputtering 
configuration, the percentage of target material which is ionized is less than 10 %, 
more typically less than \%> of that sputtered from the target. 

The term "warm aluminum" refers to aluminum applied using traditional 
sputtering techniques, where the substrate temperature during application of the 
aluminum ranges between about 350 °C to about 450 °C. 

The term "XPS" refers to X-ray Photoelectron Spectroscopy (also known as 
HSCA (Electron Spectroscopy for Chemical Analysis), an analytical technique wherein 
a beam of X-ray is illuminated onto a sample. Photoelectron s, characteristic of the 
sample elemental composition and corresponding binding energy of each element, are 
emitted which are detected by an electron energy analyzer. Sensitivity factors are 
used to transform the measured kinetic energy of photoelectrons into atomic percent 
composition of different elements in the sample. In addition to detecting atomic 
percent composition at a sample surface, information for the composition of a sample 
throughout its thickness can be obtained by depth profiling. In that case, the sample 
material is sputtered away incrementally using inert ions such as argon ions. At each 
increment, XPS analysis is performed. 

The term M XRD H (X-ray Diffraction) refers to a technique commonly used to 
measure crystalline orientation, wherein radiation over particular wavelengths is passed 
through the material to be characterized, and the diffraction of the radiation, caused by 
ihe material through which it passes, is measured. A map is created which shows the 
diffraction pattern, and the crystal orientation is calculated based on this map. 
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■ H. AN APPARATUS FOR. PRACTICING THE INVENTION 
A process system in which the method of the present invention may be carried 
out is (he Applied Materials, Inc. (Sanla Clara, California) RiuHirn® Integrated 
Processing System. This process system is not specificatly shown in the Figures, 
however, the processing elements shown in Figure t can be operated within one of the 
low pressure process chambers contained within such an Integrated Processing System. 
The system is shown and described in United States Patents Nos. 5,186,718 and 
5,236,86X, the disclosures of which are incorporated by reference. With reference to 
Figure I, one low pressure process chamber for forming the smooth-surfaced , low 
resistivity, titanium nitride barrier layer of the present invention employs a standard 
sputter magnet 1 10 (to confine the sputtering plasma, enabling an increased sputtering 
rate) and a sputtering target cathode 1 1 2 which operates at power levels up to about 
24 kW. 

RX AM PL ONF 

To form the Ti/TiN/TiN, barrier layer structure of the present invention, a 
titanium target cathode of about 14 inches (35.5 cm) in diameter was used, and a DC 
power was applied to this cathode over a range from about 4 kW to about 8 kW, The 
substrate 1! 8, comprising an 8 inch (20.3 cm) diameter silicon wafer, was placed a 
distance of about 5.5 inches (14 cm) from target cathode 1 12. A high density, 
inductively coupled RF plasma was generated in the region between the target cathode 
1 12 and the substrate U8 by applying RF power 1 16 over a range from about 100 
klU to about 60 MHz (preferably about 2 MHz), at a wattage ranging from about 0,5 
kW to about 6 kW ( preferably ranging from about 1.5 kW to about 4 kW), to a coil 
1 14 having at least one turn up to about 10 turns (preferably from about 1 to 3 turns). 
Typically the coil is fabricated from metal tubing which permits water cooling, and 
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has a diameter of about 0.125 inch (0.32 cm). However, the coil can be fabricated 
from a sheet or ribbon* ot other form which provides the desired function. Coil 1 14 
surrounded a plasma region between the target 112 and substrate 118. Typically, a 
substrate bias voltage ranging from 0 to about -300 V DC, preferably about 100 W, 

« * * 

is applied to the substrate 1 18 or the support member 120 to create a D.C. self bias 
which attracts ions from the plasma to the substrate. 

Although the preferred apparatus for forming the titanium nitride barrier layer 

« 

uses a coil to inductively couple the plasma and ionize the sputtered material, other 
means for ionizing the titanium are contemplated. For example, an ECR source, such 
as that shown and described in U.S. Patent No. 4,911,814, incorporated herein by 
reference, or a helicon type coupling device such as that shown in U.S. Patent Mo. 
4,990,229, incorporated herein by reference, are also specifically contemplated. 
Likewise other apparatus which would supply an ionized stream of deposition particles 
having an ionized percentage of 10 to 100 % are contemplated as being useful to 
practice the invention. Although the preferred apparatus for forming the titanium 
atoms which are ionized and reacted with ionized nitrogen to form titanium nitride are 
preferably formed using sputtering techniques, other means for producing titanium 
atoms are contemplated. For example titanium evaporation techniques, such as the 
technique described in U.S. Patent No. 4,944,961 for vaporizing metal or metal alloy 
in a crucible, incorporated herein by reference, are also specifically contemplated. 



We have been able to create a smooth titanium nitride-comprising barrier layer 
which haa been shown to enable electrical contact fabrication in vias, through holes, 
and trenches of integrated circuits having a feature size as small as about 0.25 micron, 
having an aspect ratio of about 5 : I and greater. The smooth barrier layer of the 



HI. THE STRUCTURE 
OF THE (Ti or TiNJ/T iN/TiN K BARRIER LAYER 
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invention, in addition to permitting the formation of a conductive contact at high 
aspect ratio, provides a diffusion barrier which prevents the inter-difftision between 
the electrical contact material such as aluminum and an underlying semiconductor 

substrate material such as silicon. 

The smooth barrier layer structure comprises a stack of three layers. In the 
more preferred embodiment, the first layer (applied directly over an underlying 
substrate such as silicon or silicon oxide) is ton-deposited titanium (Ti). The second 

» * 

layer, applied over the first layer, is ion-deposited titanium nitride (TiN). The third 
layer, applied over the second layer, is an ion-deposited layer, TiN„ where the 
composition of the layer varies from about 50 atomic % titanium to about 100 atomic 
% titanium. Preferably the titanium concentration is a gradient beginning with 
essentially stoichiometric TiN and progressing toward pure Ti. To reduce the 
potential for reaction of the TiN„ surface with warm aluminum which is subsequently 
deposited upon it, it is necessary to control the Ti content at the surface of the layer. 
The optimal Ti content of the TiN x layer will depend on whether the application is for 
a horizontal, conductive interconnect or for filling a high aspect ratio via. A high 
aspect ratio via requires a higher Ti content in the T'iN x layer to provide for the 
thermodynamic attraction of aluminum fill into the via. However, too high a Ti 
content results in the production of Ti Al 3 which negatively impacts device 
performance. We have discovered that for high aspect ratio via applications, where 
the TiN, layer titanium content is a gradient from an atomic concentration of about 
50% toward an atomic concentration of 100% Ti, a Ti upper surface thickness of less 
than about 15 A is insufficient to draw the warm aluminum into the via in a manner 
which provides complete fill of the via, while a pure Ti upper surface thickness of 
more than about 300 A results in the formation of harmful amounts of Ti Al 3 . 

An electrical contact or conductive layer is applied over the smooth barrier 
layer structure. Although the contact or conductive la^er described herein is 
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aluminum containing about 0.5% by weight copper, other conductive materials benefit 
from use of the smooth barrier layer structure described herein. The (111) 
crystallographic content of a subsequently applied conductive material and its 
reflectivity can be adjusted using the concepts described herein. With regard to worm 
aluminum, the preferred embodiment of this disclosure, the aluminum can be applied 
using methods other than sputtering, such as evaporation, for example. An IMP 
application of aluminum provides some advantages in via filling, as it provides a 
particular conformality on a via sidewail; however, traditionally sputtered aluminum is 
preferred since this is the least expensive method of application for the aluminum. 
With regard to traditionally sputtered aluminum, applied ns warm aluminum (over a 
temperature range of from about 350 °C to about 450 °C), preferably the aluminum is 
applied at reduced pressures ranging from greater than about 0.5 mT up to about 50 
mT, preferably between about 1 mT find 30 mT, and more preferably between about 1 
mT and 4 mT. The aluminum thickness depends on the Application. 

Figure 2 shows a schematic of a trench or via 213 containing the smooth 
barrier layer structure 200 of the present invention. The structure 200 was formed on 
a semiconductor substrate comprising a silicon base 210 having an overlying silicon 
dioxide layer 211. The via or trench 213 was created by dry etching through the 
silicon dioxide layer 21 1 to silicon base 210. Structure 200 comprised three layers: 
Ti/TiN/TiN,. The first layer of titanium was ion-deposition sputtered 
upon the surface of both silicon dioxide layer 211 and silicon base 210; a second layer 
of reactive ion-deposition sputtered titanium nitride layer 214 was deposited overlying 
first titanium layer 212; and a third ion-deposition sputtered titanium nitride- 
comprising layer 216 was deposited overlying titanium nitride layer 214. (Upon ion- 
sputtering of titanium layer 212, a thin layer of titanium siheide 224 is typically 
formed at the bottom of via 213 upon high temperature annealing). Structure 200 was 
then filled with a conductive layer 219. The aspect ratio of via or trench 213 was as 
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illustrated by the ratio of dimension 222 to dimension 220, and was approximately 
20 : 1, with the dimension of 220 being approximately 0.25 p. 

Aluminum was traditionally sputtered upon a structure 200 at a substrate 
temperature of about 500 °C. In some instances, a cold aluminum nucleation layer 
was deposited at substrate temperatures of about 50 °C prior to deposition of the 
remaining aluminum at 500 °C. Due io the improved surface on the sidewall of the 
barrier layer structure 200 which was obtained using IMP, it was possible to eliminate 
the need to use cold aluminum nucleation layer, so that only one aluminum deposition 
chamber was necessary. Further, warm aluminum deposition over a temperature 
ranging from about 350 °C to about 450 °C became feasible. When the specialized 
barrier layer structure 200 of the present invention is used, a further benefit of high 
{111} crystallographic orientation aluminum is obtained. Further, particularly high 
aspect ratio vias can be filled, 

EXAMPLE TWO: 

To obtain an aluminum fill of the via where the crystallographic {111} content 
was sufficiently high to prevent electromigration, the structure of the Ti/TiN/TiN x 
barrier layer 200 was adjusted as follows. 

The thickness of the first layer 212 of ion-deposition sputtered Ti was about 
30€ A; the thickness of the second layer 214 of reactive ion-deposition sputtered TiN 
was about 250 A; and the thickness of the third layer 216 of reactive ion-deposition 
sputtered TiN„ was about 250 A . The composition of the TiN K layer 216 ranged from 
50 atomic % Ti initially to toward about 100 atomic % Ti toward the surface of layer 
216. 

Aluminum was sputtered over the surface of via 213 using traditional 

p 

sputtering, at a temperature of about 400 °C and at a pressure of about 2 mT. 

The {111} crystallographic content of the aluminum fill was about 100 % (no 
200 was observed on the XRD curve). Further, the reflectivity of the aluminum 
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surface was about 190 %. 

With reference to Figures 3A through 3D, these figures illustrate the XRD 
curves for warm aluminum applied over the surface of a Ti/TiN/TiN, barrier layer 
overlying a flat silicon oxide surface. 

Figure 3 A is the XRD curve 310 for warm aluminum applied over the surface 
of a Ti/TtN/TiN„ barrier layer fabricated using the techniques described above, where 
the Ti first layer is about 100 A thick; the TiN second layer is about 800 A thick, and 
the TiN H third layer is about 150 A thick. The process conditions used during 
fabrication of the barrier layer included a substrate (wafer) temperature of about 
200 °C during the application of each layer; a DC/RF Power Ratio (this power ratio 
will he described in more detail subsequently) of about 3.3; a Gins to the substrate of 
about 100 W; and a process chamber pressure of about 30 mT during application of 
each of the layers. Warm aluminum was sputtered over the surface of the 
Ti/TiN/TiN, harrier layer using traditional sputtering at a substrate temperature of 
about 400 °C and at a pressure of about 2 mT. The power ratio mentioned above 
refers to the DC power applied to the sputtering target divided by the RF power to the 
ionizing device (coil); an example would be 7 kW to the sputtering target and 2 kW 

■ 

to Ihc RF coil, for a power Tatio of 3.5. 

As indicated by XRD curve 310, with the Intensity of diffraction in arbitrary 
units indicated on the "y w axis and labeled "31 2", and 2 0 (twice the angle of 
incidence) indicated in degrees on the V axis and labeled "3 14", the crystal 
orientation content of the aluminum includes both the desired {111} orientation 316 
and undesired {200} orientation 319 (shown enlarged at 318). The weak signal of the 
{111} orientation which produced a peak height of only about 3,000 is a farther 

F , 

indication of Ihe more noncrystalline nature of the warm deposited aluminum* The 
presence of the undesired {200} orientation aluminum is attributed to the thickness of 
the TiN layer being 800 A. 
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Figure 311 is the XRD curve 320 for warm aluminum applied over the surface 
of a Ti/TiN/TiN K barrier layer fabricated using the techniques described above, where 
the Ti first layer is about 100 A thick; the TiN second layer is about 250 A thick, and 
ihe TiN, lliird layer is about 150 A thick. The process conditions used during 
fabrication of the barrier layer included a substrate (wafer) temperature of about 
200 °C during the application of each layer; a DC/RF Power Ratio of about 3.3; a 
Bins to the substrate of about 100 W; and a process chamber pressure of about 30 mT 
during deposition of each layer of the barrier layer structure. Warm aluminum was 
sputtered over the surface of the Ti/TiN/TiN* barrier layer using traditional sputtering 
at a substrate temperature of about 400 °C and at a pressure of about 2 mT. 

As indicated by XRD curve 320, with the Intensity of diffraction indicated on 
Ihe M y" axis and labeled "322", and 2 0 indicated on the V 1 axis and labeled "324", 
(ho crystal orientation content of the aluminum is limited to the desired {111} 
orientation, with none of the undesired (200} orientation (which would appear in 
enlargement 328). The stronger signal of the {111} orientation, which produced a 
peak height of about 14,000, is a further indication of the higher degree of {i 11} 
content in the warm deposited aluminum. 

The barrier layer structure which enabled the deposition of the aluminum having the 
XRD curve shown in Figure 3B is one of tlie more preferred embodiments of the 
present invention. 

Figure 3C is the XRD curve 330 for warm aluminum applied over the surface 
of a Ti/TiN/TiN, harrier layer fabricated using the techniques described above, where 
the Ti first layer is about 100 A thick; the TiN second layer is about 250 A thick, and 
the TiN, third layer is about 150 A thick. The process conditions used during 
fabrication of the barrier layer included a substrate (wafer) temperature of about 
400 °C during the application of each layer; a DC/RF Power Ratio of about 3.3; a 
Bias to the substrate of about 100 W; and a process chamber pressure of about 30 mT 
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during application of ihc each layer of Ihc harrier layer structure. Warm aluminum 
was sputtered over the surface of the Ti/TiN/TiN, barrier layer using traditional 
sputtering at a substrate temperature of about 400 °C and at a pressure of about 2 ml. 

As indicated by XRD curve 330, with the intensity of diffraction indicated on 
the "y" axis and labeled "332", and 2 0 indicated on the 'V axis and labeled "334 w , 
the crystal orientation content of the aluminum includes both the desired {III} 
orientation 336 and undesired {200} orientation 339 (shown enlarged at 338). The 
extremely weak signal of the {111} orientation, which produced a peak height of only 
about 34, is an indication that the degree ofpolycrystalinity of the aluminum is 
significantly greater than that of the aluminum layer illustrated in Figure 3 A. This is 
further supported by an increased peak height for the {200} crystal orientation fraction 
of the aluminum. The presence of the undesired {200} orientation aluminum is 

* 

attributed to the 400 °C deposition temperature used for each of the three barrier 
layers. 

Figure 3D is the XRD curve 340 for warm aluminum applied over the surface 
of a Ti/TiN/TiN, barrier layer fabricated using the techniques described above, where 
the Ti first layer is about 300 A thick; the TiN second layer is about 250 A thick, and 
the TiN,, third layer is about 150 A thick. The process conditions used during 
fabrication of the barrier layer included a substrate (wafer) temperature of about 
200 °C during the application of each layer; a DC/RF Power Ratio of about 3.3; a 
Bias to the substrate of about 100 W; and a process chamber pressure of about 30 mT 
during application of the Ti and TiN layer, but with the process chamber pressure 
reduced to about 10 mT during application of the TiN* layer. Warm aluminum was 
sputtered over the surface of the Ti/TfNrriN x barrier layer using traditional sputtering 
at a substrate temperature of about 400 °C and at a pressure of about 2 mT. 

As indicated by XRD curve 340. with the Intensity oF diffraction indicated on 
the n y M axis and labeled "342", and 2 € indicated on the "x" axis and labeled '344", 



• 
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the crystal orientation content of the aluminum is limited to the desired {111} 
orientation 346, without the presence of any {200} orientation (which would appear in 
the enlargement at 348). The very strong signal of the {111} orientation, which 
produced a peak height of about 27,000, is a further indication of the higher degree of 
{111} content in the warm deposited aluminum (significantly higher that obtained for 
the other preferred embodiment of the invention illustrated in Figure 3B, where the 
TiN x layer was deposited at 30 mT). The barrier layer structure which enabled the 
deposition of the aluminum having the XRD curve shown in Figure 3D is one of the 
more preferred embodiments of the present invention. 

Figure 4 illustrates the reflectivity for three of the four aluminum/Ti/riN/TiN,; 

■ 

structures described above and for one different structure. In particular, bar graph 400 
shows the percent reflectivity (with Si as a reference) on the "y" axis, labeled "410\ 
Each bar on the V axis represents a different aluminum/Ti/TiN/TiN x structure. 

Bar 412 shows the reflectivity of the aluminum layer for the 
aluminum/Ti/TiN/TiN x structure illustrated in the XRD curve shown in Figure 3B. 
Bar 414 shows the reflectivity an aluminum layer deposited over a Ti/TiN/TiN,, 
structure where the method used to produce the entire aluminum/Ti/TiN/TiN x structure 
was the same as that used to produce the entire Figure 3B structure, but the thickness 
of the Ti layer is 300 A. Bar 416 shows the reflectivity of the aluminum layer for the 
aluminum/Ti/TiN/TiN, structure illustrated in the Figure 3A XRD curve. And, Bar 
418 shows the reflectivity of the aluminum layer for the aluminum/Ti/TtN/TiK x 
structure illustrated in the Figure 3C XRD curve. 

Figure 4 illustrates that, in general, a higher aluminum {111} crystal 
orientation correlates directly with increased aluminum reflectivity. 

An even further improvement in reflectivity (and accompanying reduction in 
surface roughness of the aluminum layer) can be obtained by altering the composition 
gradient of the third layer TiN x . We have discovered that by increasing the thickness 
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of the pure Ti which deposits at the end of the TiNx deposition step, an improvement 
in reflectivity and a smoother-surfaced aluminum can be obtained. In particular, 
reflectivity was increased from about 210 % to about 220 % and surface roughness 
(determined using AFM) was reduced from about 78 A to about 47 A. 

Figures 5 A and SB represent XRD curves for warm aluminum applied over 
the surface of a Ti/TiN/TIN,, barrier layers fabricated to have a different thickness of 
Ti at the end of the TiN E , deposition. The barrier layer structures were fabricated 
using the techniques described above, [n particular, the thickness of the first Ti layer 
was 300 A, and the thickness of the second TiN layer was 250 A in each case. All 
barrier layers were deposited at a substrate temperature of about 200 °C and at a 
process chamber pressure of 1 0 mT. 

Figure 5 A shows the XRD curve 510 for warm aluminum applied over the 
surface of the Ti/TiN/TiN x barrier layer where the TiN x deposition time was about 15 
seconds, and the resulting thickness of the TiN,, layer was about 180 A. The 
diffraction Intensity is shown on the "y" axis and labeled "512"; and, 2 9 is indicated 
on the "x" axis and labeled "514". Curve 510 exhibits a strong {111} aluminum 
crystal orientation peak 516 of about 28,000 in intensity and no detectable presence of 
{200} crystal orientation. The reflectivity for the aluminum surface is about 210 % 
and the AFM surface toughness is about 78 A. 

Figure 5D shows the XRD curve 520 for warm aluminum applied over the 
surface of the Ti/TiN/TiN^ barrier layer where the TiN x deposition time was about 30 
seconds, and the resultant thickness of the TiN x layer was about 360 A. The 
diffraction Intensity is shown on the "y" axis and labeled "522"; and, 2 6 is indicated 
on the "x" axis and labeled "524". Curve 520 exhibits a strong {111} aluminum 

■ 

crystal orientation peak 526 of about 39,000 in intensity and no detectable presence of 
{200} crystal orientation. The reflectivity for the aluminum surface is about 220 % 
and the AFM surface roughness is about 47 A. 
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IV. THE METHOD OF APPLICATION 
OV BARRIER LAYERS AND ALUMINUM 



The apparatus in which the preferred embodiments described herein were 
fabricated was (he Endura® Integrated Processing Syslem previously described, and 
the elements shown in Figure 1 were present within one of the low pressure process 
chambers contained within the Integrated Processing System. 
EXAMPLE THREE: 

The description which follows pertains to the fabrication of a Ti/TiN/TiN,, 
barrier layer over the surface of a 0.25 u feature size via having an aspect ratio of 
about 5:1. 

With reference to Figure 2, the via was created by dry etching through the 
silicon dioxide layer 21 1 to silicon base 210. Structure 200 comprised three layers: 
Ti/TiN/TiN K . The first layer of Ti was ion-deposition sputtered (IMP sputtered) upon 
the surface of both silicon dioxide layer 21 1 and silicon base 210; a second layer of 
reactive ion-deposition sputtered (reactive IMP sputtered) TiN layer 214 was deposited 
overlying first titanium layer 212; and a third ion-deposition sputtered TiN, layer 216 
was deposited overlying titanium nitride layer 214. (Upon ion-sputtering of titanium 
layer 212, a thin layer of titanium silicide 224 is typically formed at the bottom of via 
213 upon high temperature annealing). Structure 200 was then filled with a 
conductive layer 219. 

To obtain an ion-deposition sputtering rate of about 700 A per minute of Ti 
upon the surface of an 8 inch (20.3 cm) diameter substrate, 2 MHz (*2.5 kW) of RF 
power was applied to coil 1 14 while 4 kW of DC power was applied to titanium 
target cathode 112, and a DC bias of about 100 Watts was applied to substrate platen 
electrode 120^ The Ti deposition was carried out at about 30 mT. This pressure 
corresponded to an argon feed rate of about 65 seem. The temperature on the 
substrate surface was about 200 *C. 
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To obtain a reactive ion-deposition sputtering rate for TiN of about 250 A per 
minute over the Ti first layer surface, 2 MHz (^2.5 kW) of RF power was applied to 
coil 214 while 5 kW of DC power was applied to titanium target cathode 212, and a 
DC bias of about 100 Watts was applied to substrate platen electrode 220. The TiN 
deposition was carried out at about 30 mT. This pressure corresponded to an argon 
feed rate of about 10 seem and a nitrogen feed rate of about 70 seem in the Applied 
Materials Endura ® Integrated Process System, The temperature on the substrate 
surface was about 200 °C. 

To obtain a reactive ion-deposition sputtering rate for TiN x of about 600 A per 
minute upon the TiN second layer surface, the process conditions were set at those ' 
specified for the TiN second layer; however, at the beginning of the sputtering of the 
TiN K layer, the flow of nitrogen gas to the process chamber was discontinued. Since 
the titanium target becomes nitrided during the TiN deposition, TiN continues to be 
produced for a limited time period after the nitrogen gas flow is discontinued. 
Typically, under the operational conditions specified with reference to the TiN 
deposition, but with the flow of nitrogen gas to the chamber discontinued, the nitrided 
portion of the target is sputtered away within 5 to 10 seconds, The thicker the TiN 
second layer, the longer the time period before the nitrided portion of the target is 
sputtered away. In this particular instance, the TiN„ layer deposition was carried out 
for a period of about 15 seconds after the flow of nitrogen to the process chamber was 
discontinued. 

Subsequently an aluminum layer about 6,000 A thick was sputtered upon the 
via surface using traditional sputtering techniques, a substrate temperature of about 
400 °C, and a pressure of about 2 mT. Complete via fill (with essentially no voids 
evidenced in the photomicrographs) was achieved for the contact vias using the 
Ti/TiN/TiN x barrier/wetting layer fabricated as described above. 
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V. THE COMPOSITION 13F INDIVIDUAL LAYERS 
IN THE BARRIER LAYER STRUCTURE 

Figures 6A through 6C show the atomic composition of the three barrier layers 

* , 

as analyzed from the top, through the TiN M third layer, then the TiN second layer, and 
then the Ti first layer which lies over a silicon oxide substrate. 

Graph 610 shown in Figure 6A illustrates the composition of the particular 
barrier layer as the layers are sputtered away during the XPS analytical process. The 
atomic composition of the material being sputtered using argon ions is represented on 
the "y" ax * s » labeled as "612" and is in atomic percent. The time into the analytical 
process is presented on the "x" axis, labeled "614" and is in seconds. Curve 616 
represents the Ti content of the layer being analyzed and curve 618 represents the N 

i 

content of the layer being analyzed. Curve 620 represents oxygen which is an artifact 
from cratering of the substrate during the. analytical process sputtering. Curve, 622 
represents silicon which is also an artifact of the analytical technique. 

Graph 610 is representative of a barrier layer having a Ti thickness of about 
100 A; a TiN thickness of about 250 A, and a TiN, thickness of about 100 A, where 
the TiN, layer deposition was continued for a period of about 8 seconds after the flow 
of nitrogen gas flow to the deposition process chamber was shut off. 

Graph 630 shown in Figure 6B illustrates the composition of a second barrier 
layer structure determined using the analytical technique described with reference to 
Figure 6A. The atomic composition of the layer being analyzed is represented on the 
M y" axis, labeled as "632" and is in atomic percent The time into the analytical 
process is presented on the "x" axis, labeled as "634" and is in seconds. Curve 636 
represents the Ti content of the layer being analyzed, and Curve 638 represents the N 
content of the layer being analyzed. Curve 640 represents oxygen artifact and Curve 
642 represents the silicon artifact. 

Graph 630 is representative of a barrier layer having a Ti thickness of about 
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200 A; a TiN thickness of about 500 A, and a TiN K thickness of about 100 A, where 
the TiN x layer deposition was again continued for a period of about 8 seconds after 
the flow of nitrogen gas to the deposition process chamber was shut off. 

Graph 650 shown in Figure 6C illustrates the composition of a third barrier 
layer structure determined using the analytical technique described with reference to 
Figure 6A. The atomic composition of the layer being analyzed is represented on the 
"y" axis, labeled as "652" and is in atomic percent. The time into the analytical 
process is presented on the "x" axis, labeled as ,, 654 ,) and is in seconds* Curve 656 
represents the Ti content of the layer being analyzed, and Curve 658 represents the N 
content of the layer being analyzed. Curve 660 represents oxygen artifact and Curve* 
662 represents the silicon artifact. 

Graph 650 is representative of a barrier layer having a Ti thickness of about 
200 A; a TiN thickness of about 250 A, and a TiN x thickness of about 250 A, where 
the TiN, layer deposition was continued for a period of about 20 seconds after the 
flow of nitrogen gas to the deposition process chamber was shut off. 

These structures are obtainable in a single process chamber, using a single Ti . 
sputtering target, and can be fabricated in a continuous process. The simplicity of 
producing such barrier layer structures, combined with the excellent functionality of 
the barrier layers makes them especially attractive for semiconductor device 
fabrication. In particular, using the barrier layer structures and the fabrication 
methods disclosed herein enables the formation of aluminum-comprising layers having 
high aluminum {111} crystal orientation which reduces electromigration problems. 
Further, using the barrier layer structures and the fabrication methods disclosed herein 
enables the formation of high reflectivity aluminum-comprising layers which are 
useful in lithographic indexing: 

The above described preferred embodiments are not intended to limit the scope 
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of the present invention, as one skilled in the art can, in view of the present disclosure 
expand such embodiments to correspond with the subject matter of the invention 
claimed below. 
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4. Brief Description of Drawings 



Figure ! shows a schematic of the elements of n process chamber which enable 
physical vapor deposition augmented by an ion metal plasma (IMP). 



Figure 2 illustrates a schematic of a conductive contact 218 formed within a 
high aspect ratio via 213 using the methods and the apparatus described in the present 
disclosure. 



Figure 3 A shows the X-ray diffraction (XRD) curve for an aluminum film 
deposited over a Ti/riN/TiN, barrier layer of the kind described with reference to 
U.S. Patent Application, Serial No. 08/51 1,825, of Xu et al. This aluminum film 
exhibits a lower {111} crystal orientation content than desired and exhibits a 
reflectivity of less than about 50 % (measured by nanoscope with Si as a reference). 

Figure 3B shows the XRD curve for an aluminum film deposited over a 
Ti/TiN/TiN x barrier layer created using a first preferred embodiment method described 
herein. This aluminum film exhibits a high {111} content and exhibits a reflectivity 
of about 195%. 

Figure 3C shows the XRD curve for an aluminum film deposited over a 
Ti/TiN/TiN, barrier layer using the preferred embodiment method used to create the 
barrier layer iltustrated in Figure 3B. except that the substrate temperature during 
deposition of the barrier layer was substantially higher. This aluminum film exhibits e 
lower {111} content than desired and exhibits a reflectivity of less than about 50 % 
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Figure 3D shows the XRD curve for an aluminum film deposited over a 
Ti/TiN/TiN* barrier layer created using a second preferred embodiment method 
described herein. This aluminum film exhibits a high {111} content and exhibits a 
reflectivity of aboul 210%. 

Figure 4 is a bar graph showing the relative reflectivities for aluminum films 
deposited over a Ti/TiN/TiN x barrier layer having the structure and fabricated using 
the first and second preferred embodiment methods disclosed herein, in comparison 
with the reflectivities for aluminum films deposited over a Ti/TiN/TiN,, barrier layer 
having prior art structures and fabricated using prior art methods. 

Figure 5 A shows an XRD curve for an aluminum film deposited over a 
Ti/TiN/TiN x barrier layer having a structure and fabricated using a third preferred 
embodiment method disclosed herein. This aluminum film exhibits an AFM 
roughness (rms) of about 78 A. 

Figure 5B shows an XRD curve for an aluminum film deposited over a 
Ti/TiN/TiN, barrier layer having a structure and fabricated using a fourth preferred 
embodiment method disclosed herein. This aluminum film exhibits an AFM 
roughness of about 47 A. 

Figure 6A illustrates an atomic composition profile for a Ti/TiN/ TiN, barrier 
layer having a cross-sectional thickness profile of 100 A Ti/ 250 A TiN/ 100 A TiN x . 

* 

Figure 6B illustrates an atomic composition profile for a Ti/TiN/ TiN, barrier 
layer having a cross-sectional thickness profile of 200 A Ti/ 500 A TiN/ 100 A TiN x 
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Figure 6C illustrates an atomic composition profile for a Ti/TTN/ TIN, barrier 
layer having a cross-sectional thickness profile of 200 A Ti/ 250 A TiN/ 250 A TiN„. 
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1. Abstract 

ABSTRACT OF THE DISCLOSURE 

The present disclosure pertains to particular Ti/TCN/TiN, barrier/wetting layer 
structures which enable the warm aluminum filling of high aspect vias while providing 
an aluminum fill exhibiting a high degree or aluminum {111} crystal orientation. It 
lias been discovered that an improved Ti/TiN/TiN^ barrier layer deposited using IMP 
techniques can be obtained by increasing the thickness of the first layer of Tt to range 
from greater than about 100 A to about 500 A (the feature geometry controls the 
upper thickness limit); by decreasing the thickness of the TiN second layer to range * 
from greater than about 100 A to less than about 800 A (preferably less than about 

* 

600 A); and. by controlling the application of the TiN, third layer to provide a Ti 
content ranging from about 50 atomic percent titanium (stoichiometric) to about 1 00 
atomic percent titanium. Preferably the TiN, third layer is formed at the end of the 
deposition of the TiN second layer and exhibits a Ti content gradient which begins at 
a stoichiometric, 50 atomic percent, Ti content and ends at a Ti content of about 100 
atomic percent. The thickness of the TiN, third layeT preferably ranges from about 15 

A to about 500 A. The improved Ti/TiN/TiN,, barrier layer enables the deposit of a 

*\ 

warm aluminum interconnect or a warm aluminum via fill where the aluminum 
exhibits a high {III} crystallographic content. Further, the aluminum layer obtained 
exhibits a reflectivity of 150 percent or greater at 436 nm. A Ti/TiN/TuNf, barrier 
layer having this structure, used to line a contact via, enables complete filling of via 
with sputtered warm aluminum, where the feature size of the via or aperture, is about 
0.25 micron or less and the aspect ratio ranges from about 5 : 1 to as high as about 
6:1. 

* 

2. Representative Drawing 

» 

Fig. 5 



